
Submitted 17 September 2019
Accepted 10 November 2019
Published 3 December 2019

Corresponding author
Jianming Hu, jianming.120@163.com

Academic editor
Hilal Ozdag

Additional Information and
Declarations can be found on
page 14

DOI 10.7717/peerj.8182

Copyright
2019 Li et al.

Distributed under
Creative Commons CC-BY 4.0

OPEN ACCESS

Overexpression of VEGF-C and
MMP-9 predicts poor prognosis in
Kazakh patients with esophageal
squamous cell carcinoma
Jiangfen Li1, Yufang Xie1, Xueli Wang1, Chenhao Jiang1, Xin Yuan1,
Anzhi Zhang1, Chunxia Liu1, Lijuan Pang1, Feng Li1,2 and Jianming Hu1

1Department of Pathology and Key Laboratory for Xinjiang Endemic and Ethnic Diseases
(Ministry of Education)/Department of Pathology, the First Affiliated Hospital, Shihezi University School of
Medicine, Xinjiang, China

2Capital Medical University, Department of Pathology, Beijing Chaoyang Hospital, Beijing, China

ABSTRACT
Vascular endothelial growth factor (VEGF) and Matrix metalloproteinases (MMPs)
are believed to participate in infiltration of tumors. High mortality of esophageal
squamous cell carcinoma (ESCC) related to its primary infiltration; however, it is
not clear whether the expression of VEGF and MMPs is involved in this process.
Screening of The Cancer Genome Atlas (TCGA) database showed that among the
VEGF family andMMP9, VEGF-A, VEGF-C, andMMP-9 mRNA were overexpression
in ESCC. This result was verified using the Oncomine database and in Kazakh patients
with ESCC. Overexpression of VEGF-C and MMP-9 and positive association with
advanced esophageal cancer and invading ESCC cells (Gene Expression Omnibus
(GEO): GSE21293). Immunohistochemical staining revealed that VEGF-C and MMP-
9 were overexpressed in Kazakh ESCCs. VEGF-C expression was related to invasive
depth, tumor-node-metastasis (TNM) staging, lymphatic, and lymph node metastasis
of ESCC. The linear association between themwas further confirmed in TCGAdatabase
and the specimens from Kazakh patients with ESCC. Patients with both proteins
expression had tumors with greater aggressiveness, suffered from poor prognosis
compared with patients who did not express either protein or expressed protein alone.
Both proteins expression predicted high invasiveness of ESCC, which is related to worse
prognosis of Kazakh ESCCs.

Subjects Bioinformatics, Oncology
Keywords Kazakh, Esophageal cancer, Esophageal squamous cell carcinoma, MMP-9, VEGF-C

INTRODUCTION
Esophageal cancer (EC) is an aggressive malignancy originating in the gastrointestinal tract.
EC has the eighth highest tumor incidence and is the sixth frequent lead to tumor death
on a global scale (Allemani et al., 2015). For China, esophageal squamous cell carcinoma
(ESCC) is the main pathological subtypes of EC. Morbidity from ESCC in the Kazakh
population from Xinjiang (China) is far more than other populations (Zheng et al., 2010).
The symptoms of EC can remain hidden and the disease progresses rapidly, therefore,
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the clinical efficacy of treatments and patient prognosis are poor, resulting in a five-year
survival rate of only 10% (Ekman et al., 2008). High mortality of ESCC closely related to
its primary infiltration (Cools-Lartigue, Spicer & Ferri, 2015). Therefore, the determination
of the metastatic mechanism is necessary and will provide the basis for the development of
novel therapies to treat ESCC.

Asahara et al. (1999) reported that Vascular endothelial growth factor (VEGF) could
regulate endothelial progenitor cells (EPC), induce the differentiation of EPCs, and promote
angiogenesis. The VEGF family have a range of members, which play different roles in
promoting tumor angiogenesis (Ferrara, Gerber & LeCouter, 2003). VEGF-C is considered
a special lymphangiogenesis factor because it could promote lymphatic endothelial cells’
formation and differentiation (Karkkainen et al., 2004). The expression level of VEGF-C is
related to lymph vessel number, and it thought to be an independent prognostic element
in multiple malignant tumors (Kitadai et al., 2001; Skobe et al., 2001).

Matrix metalloproteinases (MMPs) are composed of more than 20 different members
(Klein & Bischoff, 2011). They promote vascularization, ruin tissue structure, and basal
membranes, thus allowing tumor infiltration (Kerkelä & Saarialho-Kere, 2010). Forsyth
investigated MMP-2, MMP-9, and MT1-MMPs’ function in the progression of glioma,
in which MMP-9 was mainly participated in vascularization and remodeling (Forsyth et
al., 1999). MMP-9 can degrade collagen IV in tumor tissue, promoting the vascularization
and infiltration of EC (Magdalena et al., 2012). In our research at a previous time, MMP-9
was overexpression in Kazakh ESCCs. It was related to a lot of invasive features (Hu et al.,
2017). Notably, MMP-9 could promote the release of VEGF to promote tumor vascular
formation (Bergers et al., 2000). Thus, interaction between them might be associated with
ESCC in the Kazakh population.

MMP-9 and VEGF have been investigated as important factors related to invasion and
metastasis in tumors (Zhao et al., 2008). However, which subtype of the VEGF family
members is most closely related to Kazakh ESCC remains unclear, and no study have
evaluated both proteins simultaneously. Accordingly, we detected the mRNA level of
VEGF/MMP-9 in EC utilizing TCGA and Oncomine databases, and Kazakh ESCCs,
to identify the VEGF family member that has the most abnormal expression. Next,
we explored the roles of VEGF family members and MMP-9 in ESCC invasion. We
subsequently studied the correlations between VEGF family members and MMP-9 based
on TCGA EC samples. Then, we detected VEGF-C/MMP-9 protein in Kazakh patients
with ESCC, combined with the clinicopathological parameters of the patients. Finally, we
investigated co-overexpression of their effect in Kazakh patients with ESCC.

MATERIALS & METHODS
Patients and specimens
All the patients were from the Kazakh national minority ethnic population and had been
living in the Yili region of Xinjiang, China, where they experienced the same environmental
exposure as the Chinese population. None of them had received radiotherapy or
chemotherapy before surgery. Please refer to Table S1 for the characteristic of the patients.
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Two senior pathologists did not know the clinicopathological information about the
samples at all when they assessed, and they also judged the results entirely independently. If
there were differences in opinion in the judgment results, a third pathologist would judge
the samples again, and the opinions of the three pathologists would provide the final result.
Data were collected and quantified as bewrited previously (Hu et al., 2017).

Immunohistochemistry
To detect the expression of VEGF-C/MMP-9 proteins in Kazakh ESCCs, immunohis-
tochemistry (IHC) was applied, then detected and quantified according to the methods
described previously (Hu et al., 2017). The anti-VEGF-C monoclonal antibodies (mAbs)
and anti-MMP9 mAbs (Santa Cruz, USA) were applied in this possess.

Two senior pathologists assessed the result. Positive IHC staining was assessed following
Santa Cruz Biotechnology s’ instructions. The interpretation of the results is as bewrited
previously (Hu et al., 2017).

Bioinformatic analysis
To analyze the mRNA level of VEGF /MMP-9 in EC, TCGA data were analyzed. Data were
downloaded and analyzed from the UALCANwebsite (http://ualcan.path.uab.edu/analysis.
html). It has 185 cases of EC and 11 cases of normal esophagus tissues (Chandrashekar
et al., 2017). Microarray gene expression data from two different subtypes of ESCC and
normal tissue were included in this study. Oncomine website (https://www.oncomine.org)
data was also used in this process, from which we included two datasets: The Su Esophagus
2 dataset, which includes 53 ESCC samples and 53 normal samples; and The Kimchi
Esophagus dataset, which includes eight esophageal adenocarcinoma (EAC) samples and
eight normal samples. According to the online analysis function of the two databases,
mRNA expression in two subtypes of EC was analyzed, when the P-value < 0.05, it is
deemed significant.

To further explore the mRNA level of the VEGF family and MMP-9 in different stages
of EC, we used the GEPIA website (http://gePia.cancer-Pku.cn/). This database can analyze
the expression of mRNA in different tumor stages based on TCGA microarray data (Tang
et al., 2017). There were data for 182 cases of EC. The correlation between VEGF family
member expression and MMP-9 expression were also analyzed at GEPIA, F test ≥ 2.75,
P-Value < 0.05 was deemed as obvious divergence.

GSE21293 from GEO (http://www.ncbi.nlm.nih.gov/geo), was brought into our
research. The GSE21293 profile contained gene expression data of invading and non-
invading ESCC cells. The differentially expressed mRNA were evaluated using the GEO2R
(https://www.ncbi.nlm.nih.gov/geo/geo2r/), and the parameters were ‘‘adjusted P-value
< 0.05, |logFC | ≥ 1.0’’. The raw data were downloaded, and standardized data after log2
transformation of FPKM values were used. Finally, the standardized data were applied to
calculate the mRNA level of the VEGF family and MMP-9 in invading and non-invading
ESCC cells; a P-Value < 0.05 was deemed to divergence obvious.
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RNA extraction and qRT-PCR
FFPE specimens were cut in 10-µm sections and 10 pieces of them were transferred into
no enzyme Eppendorf tubes. First, we used xylene-ethanol to remove the paraffin from
the FFPE tissue sections (Coura et al., 2005). Then, RNA was isolated from FFPE using the
TRIzol reagent (Thermofisher, USA) in the light of the instructions. Finally, the RNA yield
and quality was detected applying NanoDrop spectrophotometer (Thermofisher).

Next, cDNAwas synthesized from the RNA samples applying SuperQuick RTMasterMix
(CWBIO, Beijing, China). QRT-PCR was carried out with UltraSYBR Mixture (CWBIO),
based on themanufacturer’s protocol. All gene expression values were calculated in relation
to the expression of ACTB (encoding ß-actin) and the changes in mRNA expression were
calculated by the 2−11Ct means (Livak & Schmittgen, 2001). The primer sequences are
shown in Table S2.

Statistical analysis
SPSS v.20.0 (IBM, USA) was used for statistical analysis of all data in Kazakh ESCCs.
Student’s t -test and Nonparametric Test were applied to find the difference in mRNA and
proteins expression between the ESCC and CAN sets. The Spearman method was applied
to assess the relationship between each molecule. The relationship between proteins
expression and clinical parameters were analyzed by ANOVA. Kaplan–Meier method and
Cox proportional risk regression model was used to assessing patient outcomes, a P-Value
< 0.05 was supposed to divergence significant.

RESULTS
VEGF family members and MMP-9 mRNA expression in EC and their
correlations with progression of EC
Based on the TCGAesophagus samples, we analyzed theVEGF familymembers andMMP-9
mRNA. As shown in Figs. 1A–1D, VEGF-A was predominantly and highly expressed in
EAC tissues (Fig. 1A), whereas VEGF-B showed no abnormal expression in either EAC or
ESCC tissues (Fig. 1B). Notably, compared with VEGF-C expression in EAC and normal
tissues, it was highly expressed in ESCC (Fig. 1C).MMP-9 was overexpressed in ESCC, but
not in EAC, compared with that in normal tissues (Fig. 1D). To confirm the above results,
Oncomine database analysis was carried out. Basically consistent with TCGA results (Figs.
1E–1H, Figs. S1A–S1D). VEGF-C mRNA was primarily overexpressed in ESCC, VEGF-A
mRNA was primarily overexpressed in EAC, and MMP-9 mRNA was highly expressed in
both EC subtypes.

Pathological staging is an important index in tumor diagnosis for prognosis assessment
and treatment planning (Gleason & Mellinger, 2017). Thus, we texted VEGF and MMP-9
mRNA expression in different pathological stages of EC based on the TCGA samples, and a
variance homogeneity test was carried out. The results showed that the correlation between
VEGF-A (Fig. 1I) mRNA expression and EC pathological stage was not obvious, while the
expression levels of VEGF-B (Fig. 1G), VEGF-C (Fig. 1K), and MMP-9 mRNA (Fig. 1L)
were associated with the EC pathological stage.
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Figure 1 VEGF family members andMMP-9 mRNA expression in esophageal cancer (EC) according
to bioinformatics analysis. (A–D) The Ualcan database (including TCGA esophageal samples n = 195)
was applied to analyze (A) VEGF-A, (B) VEGF-B, (C) VEGF-C, and (D)MMP-9 mRNA expression in
ESCC, EAC, and normal tissues. Rank sum test, ns P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001. (E–H)
VEGF andMMP-9 mRNA expression in ESCC tissues versus normal samples from Oncomine database.
(E) VEGF-A, (F) VEGF-B, (G) VEGF-C, and (H)MMP-9. n= 106, Student’s t -test. (I–L) The mRNA ex-
pression of (I) VEGF-A, (J) VEGF-B, (K) VEGF-C, and (L)MMP-9 in different pathological stages of EC
based on the GEPIA database (including TCGA EC samples n = 182). Variance homogeneity test. (M–
P) The microarray profiling (GEO, GSE37475) from GEO database were validated for the mRNA expres-
sion of (M) VEGF-A, (N) VEGF-B, (O) VEGF-C, and (P)MMP-9 in the invading cells group (n= 12) rel-
ative to the non-invading cells group (n = 23). Differentially expressed genes enriched in invading cells
were identified when the average gene expression ratio of invading cells/non-invading cells was ≥1.0-fold.
Standardized data after log2 transformation of FPKM values of all genes was used. Student’s t -test, ns P >

0.05, *P < 0.05, **P < 0.01, ***P < 0.001.
Full-size DOI: 10.7717/peerj.8182/fig-1

To determine the role of VEGF family members andMMP-9 in ESCC invasion, we used
a GEO microarray dataset (GSE21293), found thatMMP-9 (log FC = 1.82, P < 0.05) and
VEGF-C mRNA (log FC = 1.27, P < 0.05) expression were significantly up-regulated in
invading ESCC cells relative to the matched non-invading ESCC cells, while there was no
significant up-regulation of VEGF-A mRNA and VEGF-B mRNA in invading ESCC cells
(Figs. 1M–1P). Taken together, these data demonstrated VEGF-C/MMP-9 are primarily
overexpressed in ESCC, may mediate ESCC infiltration.
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Figure 2 VEGF family members andMMP-9 mRNA expression in samples from Kazakh patients of
esophageal squamous cell cancer (ESCC). Compared with that in CANs, VEGF-AmRNA was highly ex-
pressed (A), VEGF-BmRNA expression was not significantly different (B), VEGF-C mRNA was highly ex-
pressed (C), andMMP-9 mRNA was highly expressed (D) in samples from Kazakh patients with ESCC.
Paired-samples t test, n= 20, ns P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001.

Full-size DOI: 10.7717/peerj.8182/fig-2

VEGF family members and MMP-9 mRNA expression in Kazakh
patients with ESCC
To further evaluate the findings of the bioinformatics analysis, ten pairs of ESCC tissues
and matched CANs from Kazakh patients were selected to find VEGF family members and
MMP-9 mRNA expression. VEGF-A was highly expressed in Kazakh ESCC tissue samples
relative to CANs (Fig. 2A), and there was no obvious difference in VEGF-B expression in
Kazakh ESCC tissue samples (Fig. 2B). Besides, VEGF-C and MMP-9 were up-regulated
in Kazakh ESCC samples than CANs (Figs. 2C–2D). Above all, the Kazakh ESCC tissue
samples showed significant overexpression of VEGF-C and MMP-9 mRNA. These results
agree with the bioinformatics analysis.

VEGF-C and MMP-9 protein expression in Kazakh patients with ESCC
is associated with progression of ESCC
To confirm the above predictive results, IHC was carried out (Fig. 3). We classified the
samples depending on VEGF-C protein expression level (0, 1+, 2+, 3+). A signed-rank
test demonstrated VEGF-C protein was overexpressed in ESCCs (Table 1).
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Figure 3 VEGF-C protein expression in esophageal squamous cell carcinoma (ESCC) and cancer adja-
cent normal (CAN). (A) Loss of expression (0-) of VEGF-C in CANs; VEGF-C positivity expression in cell
membranes and cytoplasm, strength as (B) 1+, (C) 2+, (D) 3+ in ESCC tissues.

Full-size DOI: 10.7717/peerj.8182/fig-3

Table 1 The expression of VEGF-C in Kazakh esophageal squamous cell carcinoma (ESCC) and cancer
adjacent normal (CAN) tissues.

Cases (N ) 0 +1 +2 +3 Mean rank Z P-value

ESCCs 100 4 24 45 27 123.54
CANs 100 18 45 35 2 77.47

−5.964 <0.001*

Notes.
*P < 0.05.

For investigate VEGF-C’s effect in Kazakh patients with ESCC, the associated with
VEGF-C expression and patients’ clinicopathological factors were studied. We distributed
all samples into two subgroups by VEGF-C levels: Negative expression (−0/1+) and
positive expression (2+/3+). Compared with males, more female samples’ VEGF-C was
expressed (P < 0.001). Samples with VEGF-C expression had increased depth of invasion,
lymphatic and lymph node metastasis, and worse TNM stage (all P < 0.001). No striking
relationships were discovered with other features (all P > 0.05) (Table 2).

Our previous research showedMMP-9 was overexpression in Kazakh ESCCs rather than
CANs. We also noted a connection between MMP-9 and lymph node metastasis, depth of
invasion, and TNM stage (Hu et al., 2017).
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Table 2 Correlation between expression of VEGF-C and clinicopathologic parameters in Kazakh
esophageal squamous cell carcinoma (ESCC) tissues.

Variable Cases (N ) VEGF-C P-value

Negative (0, 1) Positive (2, 3)

Age (y)
≤Median (58 y) 52 14 38
>Median 48 14 34

0.540

Gender
Male 71 15 56
Female 29 13 16

0.001*

Tumor location
Upper 1 0 1
Middle 74 20 54
Lower 25 8 17

0.183

Histologic grade
Well 28 4 24
Moderate 49 16 33
Poor 23 8 15

0.183

Depth of invasion
T1–T2 37 16 21
T3–T4 63 12 51

<0.001*

Venous invasion
Negative 93 27 66
Positive 7 1 6

0.399

Lymphatic invasion
Negative 29 16 13
Positive 71 12 59

<0.001*

Nodal status
pN− 47 22 25
pN+ 53 6 47

<0.001*

TNM stage
I–II 61 26 35
III–IV 39 2 37

<0.001*

Notes.
pN−, no lymph node metastasis; pN+, node metastasis.
*P < 0.05.

VEGF-C and MMP-9 are positively and linearly correlated in Kazakh
patients with ESCC, and their overexpression predicts increased
tumor aggressiveness
To explore which VEGF family member is most related to MMP-9 expression in EC, we
analyzed the correlation between the VEGF family members and MMP-9 according to the
TCGA EC samples. In EC, the associated with VEGF-A and MMP-9 mRNA expression
was not observed (Fig. 4A), while a weak correlation between VEGF-B and it (Fig. 4B),
and VEGF-C mRNA expression was significantly related to it (Fig. 4C). Consistently, IHC
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Figure 4 Association with VEGF andMMP-9 in esophageal cancer (EC) and in Kazakh patients with
ESCC. (A–C) Correlation analysis of (A) VEGF-A, (B) VEGF-B, (C) VEGF-C, andMMP-9 mRNA expres-
sions in ECs based on the GEPIA database (including TCGA EC samples n = 182), Pearson’s r test. (D)
Bivariate correlation analyses showing a positive correlation between VEGF-C and MMP-9 expression in
ESCC samples from Kazakh patients, n= 100, P < 0.001, Spearman’s test.

Full-size DOI: 10.7717/peerj.8182/fig-4

analysis demonstrated a positively and linearly correlated between VEGF-C protein levels
and MMP-9 protein levels in samples from Kazakh patients with ESCC (Fig. 4D).

To address whether both VEGF-C/MMP-9 protein expression is involved in the
development of ESCC in the Kazakh population, we defined VEGF-C/MMP-9 (0, 1+)
as negative expression and VEGF-C/MMP-9 (2+, 3+) as positive expression. We then
divided all samples into three subgroups: both expression, single expression, and negative
expression of VEGF-C/MMP-9.

Expressed either proteins subgroup included a significantly greater number of cases with
a substantial depth of invasion, venous invasion, lymphatic and lymph node metastasis,
worse TNM stage and histological grade, relative to the subgroup lacking the expression of
both proteins (all P < 0.05). No obvious differences in other clinicopathological features
(all P > 0.05, Table 3). Furthermore, the subgroup that expressed both proteins included
a significantly greater number of cases with increased depth of invasion, lymphatic and
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Table 3 Correlation between VEGF-C/MMP-9 expression and clinicopathologic parameters in Kazakh
esophageal squamous cell carcinoma (ESCC) tissues.

Variable Cases
(N )

VEGF-C (−)
MMP-9 (−)

VEGF-C (+)
or MMP-9 (+)

VEGF-C (+)
MMP-9 (+)

P-value

Age (y)
≤Median (58 y) 52 13 13 26
>Median 48 7 17 24

0.660

Gender
Male 71 13 19 39
Female 29 7 11 11

0.254

Tumor location
Upper 1 0 1 0
Middle 74 14 21 39
Lower 25 6 8 22

0.379

Histologic grade
Well 28 4 5 19
Moderate 49 11 19 19
Poor 23 5 6 12

0.006*

Depth of invasion
T1–T2 37 12 10 15
T3–T4 63 8 20 35

0.001*

Venous invasion
Negative 93 19 30 44 0.006*

Positive 7 1 0 6

Lymphatic invasion
Negative 29 15 7 7 <0.001*

Positive 71 5 23 43

Nodal status
pN− 47 17 16 14
pN+ 53 3 14 36

<0.001*

TNM stage
I–II 61 19 22 20
III–IV 39 1 8 30

<0.001*

Notes.
pN−, no lymph node metastasis; pN+, lymph node metastasis.
The Bonferroni method was applied to correct the P value.
*P < 0.05.

lymph node metastasis, worse histological grade and TNM stage, relative to the other
two subgroups (all P < 0.05, Table 4). These data indicated the important role of the
overexpression of both proteins in the progression of ESCC in the Kazakh population.

VEGF-C and MMP-9 protein overexpression predicts poor prognosis
in Kazakh ESCCs
To explore the association of VEGF-C and MMP-9 with ESCC prognosis, Kaplan–Meier
survival curves were applied. We found that the OS was significantly shorter in cases
with VEGF-C positive expression (P < 0.05, Fig. 5A). On the basis of previous studies, it
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Table 4 Stratified analysis of correlation between clinicopathologic features and VEGF-C andMMP-9 expression in Kazakh esophageal squa-
mous cell carcinoma (ESCC) tissues.

Variable VEGF-C (−)
MMP-9 (−)

VEGF-C (+)
MMP-9 (+)

P-value VEGF-C (+)
orMMP-9 (+)

VEGF-C (+)
MMP-9 (+)

P-value

Histologic grade
Well 4 19 5 19
Moderate 11 19 19 19
Poor 5 12

0.382

6 12

0.001*

Depth of invasion
T1–T2 12 15 10 15
T3–T4 8 35

<0.001*
20 35

0.970

Venous invasion
Negative 19 44 30 44
Positive 1 6

0.693
0 6

0.005*

Lymphatic invasion
Negative 15 7 7 7
Positive 5 43

<0.001*
23 43

0.067

Nodal status
pN− 17 14 16 14
pN+ 3 36

<0.001*
14 36

0.007*

TNM stage
I–II 19 20 22 20
III–IV 1 30

<0.001*
8 30

<0.001*

Notes.
pN−, no lymph node metastasis; pN+, lymph node metastasis.
*P < 0.05.

was found MMP-9 level relevance to worse OS in Kazakh patients with ESCC (P < 0.05,
Fig. 5B).

Different proteins expression types affected the prognosis of Kazakh patients with ESCC
(P < 0.05, Fig. 5C). Further analysis showed that contrasted with the other subgroups, the
cases with expression of both two proteins had worse prognosis (all P < 0.05, Fig. 5C).

Univariate analysis, executed according to a Cox proportional hazards model, found
that both two proteins expression (Hazard ratio (HR) = 1.760), VEGF-C expression (HR
= 2.074), MMP-9 expression (HR = 1.854), depth of invasion (HR = 1.583), lymphatic
invasion (HR = 2.569), venous invasion (HR = 2.404), lymph node metastasis (HR =
2.821), and worse TNM stage (HR = 3.449) were factors related to worse outcome of
Kazakh ESCCs (all P < 0.05). Multivariate analysis found TNM stage is an independent
prognostic factor (HR = 2.646, P < 0.05) (Table 5).

DISCUSSION
The Kazakhminority ethnic population is a special population with the highest incidence of
ESCC inworldwide, and its prognosis is worse (Zheng et al., 2010). It is generally considered
to be related to the unique genetic background, environmental factors, and eating habits of
the Kazakh minority ethnic population (Wang et al., 2010). Early invasion and metastasis
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Figure 5 Association with VEGF-C andMMP-9 protein expression and the survival rate of Kazakh
patients with esophageal squamous cell cancer (ESCC). Kaplan–Meier survival curves were applied to
calculate the relationships. (A) Cases with VEGF-C expression had a shorter overall survival (OS) (P =
0.015), n= 100. (B) Patients with overexpression of MMP-9 had significantly shorter OS (P = 0.005), n=
100. (C) The difference in OS between different patterns of VEGF-C and MMP-9 expression (P = 0.004),
n = 100. Compared with patients with both proteins, no expression of protein (P = 0.007, n = 70) and
expressed either protein (P = 0.036, n= 80) had better OS (log-rank test).

Full-size DOI: 10.7717/peerj.8182/fig-5

Table 5 Univariate andmultivariate analysis of overall survival (OS) of esophageal squamous cell carcinoma (ESCC).

Variable Cases (N ) Univariate analysis Multivariate analysis

HR 95%CI P-value HR 95%CI P-value

Age (>58 y vs ≤58 y) 100 0.859 0.603–1.225 0.402
Sex (female vs male) 100 1.029 0.679–1.557 0.894
Histologic grade (moderate+ poor vs well) 100 1.148 0.760–1.734 0.511
Tumor location (middle vs upper+ lower) 100 1.193 0.756–1.885 0.448
Venous invasion (positive vs negative) 100 3.569 1.624–4.064 <0.001* 1.242 0.653–2.363 0.508
Lymphatic invasion (positive vs negative) 100 2.404 1.344–4.297 0.003* 1.418 0.768–2.619 0.264
Depth of invasion (T3+ T4 vs T1+ T2) 100 1.583 1.061–2.364 0.025* 0.999 0.637–1.567 0.997
Nodal metastasis (+ vs−) 100 2.821 1.897–4.195 <0.001* 1.078 0.507–2.292 0.845
TNM stage (III+ IV vs I+ II) 100 3.449 2.036–5.034 <0.001* 2.646 1.379–5.078 0.03*

VEGF-C (+ vs−) 100 2.074 1.318–3.700 0.017* 1.834 0.718–4.689 0.205
MMP-9 (+ vs−) 100 1.854 1.219–2.820 0.004* 2.226 0.670–7.389 0.191
VEGF-C/MMP-9 (both+ vs VEGF-C or MMP-9−) 100 1.760 1.185–2.612 0.005* 0.432 0.121–1.548 0.198

Notes.
*P < 0.05.

are one ofmajor reasons for poor prognosis in patients with ESCC (Cools-Lartigue, Spicer &
Ferri, 2015). Tumor vascular formation plays critical role in tumor infiltration (Skobe et al.,
2001; Weidner et al., 1991). Thus, promote angiogenesis and lymphangiogenesis factors in
the tumor microenvironment have received increased research attention. Inhibiting tumor
angiogenesis and lymphangiogenesis, and disrupting the microenvironment required for
tumor growth, which are important directions for anti-tumor therapy (Li et al., 2018;
Shojaei, 2012).

The VEGF family contains many members (Clauss, 2000). Among them, VEGF-A
and VEGF-C are abnormally up-regulation in EC, in which they are related to worse
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prognosis (Juchniewicz et al., 2015; Kimura et al., 2008; Kozłowski et al., 2013). VEGF-A
and VEGF-C mRNA were up-regulated in EC, whereas overexpression of VEGF-C in
ESCC was more significant in this research. It was confirmed in Kazakh patients with
ESCC. There are obvious differences in the expression of VEGF family members in ESCC
and EAC, because they arise from different cell populations (Chang & Katzka, 2004).
Therefore, the molecular genetic background of ESCC and EAC are different (Agrawal et
al., 2012). VEGF-C is related to lymphatic metastasis rather than vascular metastasis in
Kazakh ESCCs. Lymph node invasion is the major way of infiltration of EC and a critical
cause of poor prognosis (Argyres, 2004; Schiefer, Schoppmann & Birner, 2016). Consistent
with our analysis, VEGF-C could play a crucial role in lymphangiogenesis in ESCC, but
not in EAC (Möbius et al., 2007). VEGF-C promotes esophageal lymphangiogenesis, which
may be a crucial factor in the early invasion and metastasis in Kazakh patients with ESCC.

MMP-9 is generally regarded as a prognostic indicator for EC (El-Kenawy et al., 2005). In
the study of ESCC, MMP-9 is overexpression in more malignant tumors with lymph node
invasion (Ohashi et al., 2000; Samantaray et al., 2004). We foundMMP-9 is overexpression
and related to increased lymph node metastasis in Kazakh ESCCs in our research at a
previous time (Hu et al., 2017).

VEGF-C/MMP-9 was substantially involved in the early metastasis of ESCC. However,
there have been no reports on the simultaneous investigation of them. It is necessary to
study them simultaneously. In this work, we analyzed the associatedwithVEGF andMMP-9
in EC. We noted a positive linear relationship between VEGF-B, VEGF-C, and MMP-9
in EC by TCGA database. Compared to VEGF-B, VEGF-C is more related to MMP-9 ;
therefore, we chose VEGF-C for further study. Our analysis showed the same result in
Kazakh ESCC samples, as noted in EC samples. MMP-9 and VEGF-C play a coordinating
role in neck squamous cell cancer progression, in which VEGF-C overexpression stimulates
excessive secretion of MMP-9 (Deryugina, Liliana & Strongin, 2002). VEGF-C and MMP-9
have potential synergistic effects in Kazakh patients with ESCC, promoting early tumor
invasion and metastasis. There has been no research on the synergistic effect of VEGF-B
and MMP-9 in ESCC, which will form the basis for our future investigations.

Our results showed that cases with overexpression of both VEGF-C/MMP-9 had a
significantly greater depth of invasion, lymphatic and lymph node metastasis, worse
histological grade and TNM stage. Interestingly, patients overexpressing both two proteins
not only had more lymph node and lymphatic metastasis, but also had higher levels
of vascular metastasis. The combination of two proteins could predict tumor vascular
metastasis. Tumor angiogenesis and lymphangiogenesis are dynamic processes that require
the activation of MMPs mediated by VEGF (especially MMP-9) to induce the release
of soluble KIT ligands (sKitL) (Rafii et al., 2002). SKitL promotes the proliferation and
movement of EPCs and hematopoietic cells in the bone marrow microenvironment, laying
the foundation for their mobilization to the peripheral circulation (Rafii et al., 2002).

Regarding the VEGF-C-MMP-9 signaling pathway, VEGF-C is expressed in cancer cells,
lymphatic vessels, and vascular endothelial cells, as well as in macrophages (Takizawa et al.,
2006). VEGF-C mainly in association with VEGF receptor-2 (VEGFR-2) and VEGFR-3, to
promote lymphangiogenesis (Joukov et al., 1996). MMP9 in the tumor microenvironment
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provides the conditions for tumormetastasis in amanner dependent on VEGFR-1 (Kempen
& Coussens, 2002). Notch signaling activates downstream of VEGF, promotes the secretion
of MMP-9, and then induces blood vessel endothelial cell formation (Funahashi et al.,
2011). Importantly, the induction of VEGF and MMP9 expression by macrophages
from the tumor microenvironment is also one of the important sources (Li et al., 2012).
Tumor angiogenesis and lymphangiogenesis are complex processes with multiple links.
In addition to the involvement of the VEGF family and MMP9, a variety of factors are
involved in these processes, such as fibroblast growth factor (FGF), angiopoietin (ANG),
and hypoxia-inducible factor-1 (HIF-1) (Koblizek et al., 1998; Maxwell et al., 1997; Presta
et al., 2005). The association with these factors and the progress of Kazakh ESCCs will be
the direction of our subsequent research.

Compared with single protein expression, the prognosis of Kazakh patients with ESCC
with both two proteins expression was worse. Thus, the combined application of two
proteins has prognostic value.

CONCLUSIONS
Bioinformatic analyses showed that VEGF-C and MMP-9 are associated with ESCC. Both
of them promote tumor pathological vascular and lymphatic vessel formation, providing
preconditions for infiltration and metastasis of ESCC in the Kazakh population. The
up-regulated of both two proteins was correlated with shorter OS of Kazakh ESCCs.
The synergistic effect of the two proteins could be used to diagnose ESCC in the Kazakh
population and has a better suggestive effect. Targeting both VEGF-C and MMP-9 could
be an important direction for the treatment of ESCC in the Kazakh population.

ACKNOWLEDGEMENTS
The authors thank the GEPIA and UALCAN database.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported byNational Natural Science Foundation of China (NO. 81760428,
NO. 81960435 and NO. 81460363), Start-up Project of High-level Talents Scientific
Research in Shihezi University (RCZK2018C19), Science and Technology Development
Project of Xinjiang Production and Construction Corps (NO. 2018AB033), National Early
Detection and Treatment Project for Upper Digestive Tract in Rural Area in China (NO.
2018), and The Youth Science and Technology Innovation Leading Talents Project of
Corps (NO. 2017CB004). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
National Natural Science Foundation of China: 81760428, 81960435, 81460363.

Li et al. (2019), PeerJ, DOI 10.7717/peerj.8182 14/20

https://peerj.com
http://dx.doi.org/10.7717/peerj.8182


Start-up Project of High-level Talents Scientific Research in Shihezi University:
RCZK2018C19.
Science and Technology Development Project of Xinjiang Production and Construction
Corps: 2018AB033.
National Early Detection and Treatment Project for Upper Digestive Tract in Rural Area
in China: 2018.
The Youth Science and Technology Innovation Leading Talents Project of Corps:
2017CB004.

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Jiangfen Li performed the experiments, analyzed the data, prepared figures and/or tables,
authored or reviewed drafts of the paper, approved the final draft.
• Yufang Xie performed the experiments, prepared figures and/or tables, approved the
final draft.
• Xueli Wang and Chenhao Jiang analyzed the data, prepared figures and/or tables,
approved the final draft.
• Xin Yuan performed the experiments, analyzed the data, prepared figures and/or tables,
approved the final draft.
• Anzhi Zhang performed the experiments, analyzed the data, authored or reviewed drafts
of the paper, approved the final draft.
• Chunxia Liu and Lijuan Pang conceived and designed the experiments, authored or
reviewed drafts of the paper, approved the final draft.
• Feng Li conceived and designed the experiments, contributed reagents/materials/analysis
tools, authored or reviewed drafts of the paper, approved the final draft.
• Jianming Hu conceived and designed the experiments, contributed reagents/material-
s/analysis tools, authored or reviewed drafts of the paper, approved the final draft, he
collected samples and data.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

Protocols were subject to approval by the First Affiliated Hospital, Shihezi University
School ofMedicine in accordancewith ethical guidelines of theHelsinkiDeclaration(Ethical
Application Ref: 2017-034-01).

Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.8182#supplemental-information.

Li et al. (2019), PeerJ, DOI 10.7717/peerj.8182 15/20

https://peerj.com
http://dx.doi.org/10.7717/peerj.8182#supplemental-information
http://dx.doi.org/10.7717/peerj.8182#supplemental-information
http://dx.doi.org/10.7717/peerj.8182#supplemental-information
http://dx.doi.org/10.7717/peerj.8182


REFERENCES
Agrawal N, Jiao Y, Bettegowda C, Hutfless SM,Wang Y, David S, Cheng Y, Twad-

dell WS, Latt NL, Shin EJ. 2012. Comparative genomic analysis of esophageal
adenocarcinoma and squamous cell carcinoma. Cancer Discovery 2:899–905
DOI 10.1158/2159-8290.CD-12-0189.

Allemani C,Weir HK, Carreira H, Harewood R, Spika D,Wang XS, Bannon F, Ahn JV,
Johnson CJ, Bonaventure A, Marcos-Gragera R, Stiller C, Silva GAzevedoe, Chen
WQ, Ogunbiyi OJ, Rachet B, Soeberg MJ, You H, Matsuda T, Bielska-Lasota M,
StormH, Tucker TC, ColemanMP, Group CW. 2015. Global surveillance of cancer
survival 1995–2009: analysis of individual data for 25,676,887 patients from 279
population-based registries in 67 countries (CONCORD-2). Lancet 385:977–1010
DOI 10.1016/S0140-6736(14)62038-9.

Argyres MI. 2004. Esophageal cancer. New England Journal of Medicine 350:1363–1364
DOI 10.1056/NEJMsr040330.

Asahara T, Takahashi T, Masuda H, Kalka C, Chen D, Iwaguro H, Inai Y, Silver M,
Isner JM. 1999. VEGF contributes to postnatal neovascularization by mobilizing
bone marrow-derived endothelial progenitor cells. EMBO Journal 18:3964–3972
DOI 10.1093/emboj/18.14.3964.

Bergers G, Brekken R, McMahon G, Vu TH, Itoh T, Tamaki K, Tanzawa K, Thorpe
P, Itohara S, Werb Z, Hanahan D. 2000.Matrix metalloproteinase-9 triggers the
angiogenic switch during carcinogenesis. Nature Cell Biology 2:737–744
DOI 10.1038/35036374.

Chandrashekar DS, Bashel B, Balasubramanya SAH, Creighton CJ, Ponce-Rodriguez
I, Chakravarthi B, Varambally S. 2017. UALCAN: a portal for facilitating tu-
mor subgroup gene expression and survival analyses. Neoplasia 19:649–658
DOI 10.1016/j.neo.2017.05.002.

Chang JT, Katzka DA. 2004. Gastroesophageal reflux disease, Barrett esophagus,
and esophageal adenocarcinoma. Archives of Internal Medicine 164:1482–1488
DOI 10.1001/archinte.164.14.1482.

Clauss M. 2000.Molecular biology of the VEGF and the VEGF receptor family. Seminars
in Thrombosis and Hemostasis 26:561–570 DOI 10.1055/s-2000-13213.

Cools-Lartigue J, Spicer J, Ferri LE. 2015. Current status of management of malignant
disease: current management of esophageal cancer. Journal of Gastrointestinal Surgery
19:964–972 DOI 10.1007/s11605-014-2701-3.

Coura R, Prolla JC, Meurer L, Ashton-Prolla P. 2005. An alternative protocol for DNA
extraction from formalin fixed and paraffin wax embedded tissue. Journal of Clinical
Pathology 58:894–895 DOI 10.1136/jcp.2004.021352.

Deryugina EI, Liliana S, Strongin AY. 2002. Up-regulation of vascular endothelial
growth factor by membrane-type 1 matrix metalloproteinase stimulates hu-
man glioma xenograft growth and angiogenesis. Cancer Research 62:580–588
DOI 10.1016/S0165-4608(01)00554-4.

Li et al. (2019), PeerJ, DOI 10.7717/peerj.8182 16/20

https://peerj.com
http://dx.doi.org/10.1158/2159-8290.CD-12-0189
http://dx.doi.org/10.1016/S0140-6736(14)62038-9
http://dx.doi.org/10.1056/NEJMsr040330
http://dx.doi.org/10.1093/emboj/18.14.3964
http://dx.doi.org/10.1038/35036374
http://dx.doi.org/10.1016/j.neo.2017.05.002
http://dx.doi.org/10.1001/archinte.164.14.1482
http://dx.doi.org/10.1055/s-2000-13213
http://dx.doi.org/10.1007/s11605-014-2701-3
http://dx.doi.org/10.1136/jcp.2004.021352
http://dx.doi.org/10.1016/S0165-4608(01)00554-4
http://dx.doi.org/10.7717/peerj.8182


Ekman S, DreilichM, Lennartsson J, Wallner B, BrattstromD, SundbomM, Bergqvist
M. 2008. Esophageal cancer: current and emerging therapy modalities. Expert Review
of Anticancer Therapy 8:1433–1448 DOI 10.1586/14737140.8.9.1433.

El-Kenawy A-M, Lotfy M, El-Kott A, El-Shahat M. 2005. Significance of matrix
metalloproteinase 9 and CD34 expressions in esophageal carcinoma: corre-
lation with DNA content. Journal of Clinical Gastroenterology 39:791–794
DOI 10.1097/01.mcg.0000177244.59591.c3.

Ferrara N, Gerber H-P, LeCouter J. 2003. The biology of VEGF and its receptors. Nature
Medicine 9:669–676 DOI 10.1038/nm0603-669.

Forsyth PA,Wong H, Laing TD, Rewcastle NB, Morris DG, Muzik H, Leco KJ, John-
ston RN, Brasher PM, Sutherland G, Edwards DR. 1999. Gelatinase-A (MMP-2),
gelatinase-B (MMP-9) and membrane type matrix metalloproteinase-1 (MT1-MMP)
are involved in different aspects of the pathophysiology of malignant gliomas. British
Journal of Cancer 79:1828–1835 DOI 10.1038/sj.bjc.6690291.

Funahashi Y, Shawber CJ, Sharma A, Kanamaru E, Choi YK, Kitajewski J. 2011. Notch
modulates VEGF action in endothelial cells by inducing Matrix Metalloprotease
activity. Vascular Cell 3:2 DOI 10.1186/2045-824X-3-2.

Gleason DF, Mellinger GT. 2017. Prediction of prognosis for prostatic adenocarci-
noma by combined histological grading and clinical staging. Journal d Urologie
167:953–958 DOI 10.1016/j.juro.2016.10.099.

Hu JM, Liu K, Liu JH, Jiang XL,Wang XL, Chen YZ, Li SG, Zou H, Pang LJ, Liu CX.
2017. CD163 as a marker of M2 macrophage, contribute to predicte aggressive-
ness and prognosis of Kazakh esophageal squamous cell carcinoma. Oncotarget
8:21526–21538 DOI 10.18632/oncotarget.15630.

Joukov V, Pajusola K, Kaipainen A, Chilov D, Lahtinen I, Kukk E, Saksela O, Kalkkinen
N, Alitalo K. 1996. A novel vascular endothelial growth factor, VEGF-C, is a ligand
for the Flt4 (VEGFR-3) and KDR (VEGFR-2) receptor tyrosine kinases. Embo
Journal 15:290–298 DOI 10.1002/j.1460-2075.1996.tb00521.

Juchniewicz A, NiklińskaW, Kowalczuk O, LaudańskiW, Sulewska A, Dziegielewski
P, Milewski R, NaumnikW, Kozłowski M, Nikliński J. 2015. Prognostic value
of vascular endothelial growth factor-C and podoplanin mRNA expression in
esophageal cancer. Oncology Letters 10:3668–3674 DOI 10.3892/ol.2015.3824.

KarkkainenMJ, Haiko P, Sainio K, Partanen J, Taipale J, Petrova TV, JeltschM,
Jackson DG, TalikkaM, Rauvala H, Betsholtz C, Alitalo K. 2004. Vascular en-
dothelial growth factor C is required for sprouting of the first lymphatic vessels from
embryonic veins. Nature Immunology 5:74–80 DOI 10.1038/ni1013.

Kempen LCLV, Coussens LM. 2002.MMP9 potentiates pulmonary metastasis forma-
tion. Cancer Cell 2:251–252 DOI 10.1016/S1535-6108(02)00157-5.

Kerkelä E, Saarialho-Kere U. 2010.Matrix metalloproteinases in tumor progression:
focus on basal and squamous cell skin cancer. Experimental Dermatology 12:109–125
DOI 10.1034/j.1600-0625.2003.120201.

Kimura H, Kato HN, Inose T, Faried A, SohdaM, NakajimaM, Fukai Y, Miyazaki T,
Masuda N, Manda R. 2008. Preoperative serum vascular endothelial growth factor-C

Li et al. (2019), PeerJ, DOI 10.7717/peerj.8182 17/20

https://peerj.com
http://dx.doi.org/10.1586/14737140.8.9.1433
http://dx.doi.org/10.1097/01.mcg.0000177244.59591.c3
http://dx.doi.org/10.1038/nm0603-669
http://dx.doi.org/10.1038/sj.bjc.6690291
http://dx.doi.org/10.1186/2045-824X-3-2
http://dx.doi.org/10.1016/j.juro.2016.10.099
http://dx.doi.org/10.18632/oncotarget.15630
http://dx.doi.org/10.1002/j.1460-2075.1996.tb00521
http://dx.doi.org/10.3892/ol.2015.3824
http://dx.doi.org/10.1038/ni1013
http://dx.doi.org/10.1016/S1535-6108(02)00157-5
http://dx.doi.org/10.1034/j.1600-0625.2003.120201
http://dx.doi.org/10.7717/peerj.8182


(VEGF-C) levels predict recurrence in patients with esophageal cancer. Anticancer
Research 28:165–169. Available at https:// espace.library.uq.edu.au/view/UQ:335976 .

Kitadai Y, Amioka T, Haruma K, Tanaka S, Yoshihara M, Sumii K, Matsutani N, Yasui
W, Chayama K. 2001. Clinicopathological significance of vascular endothelial
growth factor (VEGF)-C in human esophageal squamous cell carcinomas. Interna-
tional Journal of Cancer 93:662–666 DOI 10.1002/ijc.1379.

Klein T, Bischoff R. 2011. Physiology and pathophysiology of matrix metalloproteases.
Amino Acids 41:271–290 DOI 10.1007/s00726-010-0689.

Koblizek TI, Weiss C, Yancopoulos GD, Deutsch U, RisauW. 1998. Angiopoietin-1
induces sprouting angiogenesis in vitro. Current Biology 8:529–532
DOI 10.1016/s0960-9822(98)70205-2.

Kozłowski M, LaudańskiW,Mroczko B, Szmitkowski M, Milewski R, Łapuć G. 2013.
Serum tissue inhibitor of metalloproteinase 1 (TIMP-1) and vascular endothelial
growth factor A (VEGF-A) are associated with prognosis in esophageal cancer
patients. Advances in Medical Sciences 58:227–234 DOI 10.2478/ams-2013-0017.

Li ZR, Li YP, LinML, SuWR, ZhangWX, Zhang Y, Yao L, Liang D. 2012. Activated
macrophages induce neovascularization through upregulation of MMP-9 and VEGF
in rat corneas. Cornea 31:1028–1035 DOI 10.1097/ICO.0b013e31823f8b40.

LiW, Quan YY, Li Y, Lu L, Cui M. 2018.Monitoring of tumor vascular normalization:
the key points from basic research to clinical application. Cancer Management and
Research 10:4163–4172 DOI 10.2147/CMAR.S174712.

Livak KJ, Schmittgen TD. 2001. Analysis of relative gene expression data using
real-time quantitative PCR and the 2−11CT method.Methods 25:402–408
DOI 10.1006/meth.2001.1262.

Magdalena G, Maria S, Barbara M, Maciej S. 2012. The role of matrix metalloproteinases
(MMPs) and their inhibitors (TIMPs) in the development of esophageal cancer. Folia
Histochemica et Cytobiologica 50:12–19 DOI 10.5603/18691.

Maxwell PH, Dachs GU, Gleadle JM, Nicholls LG, Harris AL, Stratford IJ, Hankinson
O, Pugh CW, Ratcliffe PJ. 1997.Hypoxia-inducible factor-1 modulates gene
expression in solid tumors and influences both angiogenesis and tumor growth.
Proceedings of the National Academy of Sciences of the United States of America
94:8104–8109 DOI 10.1073/pnas.94.15.8104.

Möbius C, Freire J, Becker I, Feith M, Brücher BL, Hennig M, Siewert JR, Stein HJ.
2007. VEGF-C expression in squamous cell carcinoma and adenocarcinoma of the
esophagus.World Journal of Surgery 31:1768–1772
DOI 10.1007/s00268-006-0373-1.

Ohashi K, Nemoto T, Nakamura K, Nemori R. 2000. Increased expression of
matrix metalloproteinase 7 and 9 and membrane type 1-matrix metallo-
proteinase in esophageal squamous cell carcinomas. Cancer 88:2201–2209
DOI 10.1002/(sici)1097-0142(20000515)88:10<2201::aid-cncr2>3.0.co;2.

Presta M, Dell’Era P, Mitola S, Moroni E, Ronca R, Rusnati M. 2005. Fibroblast growth
factor/fibroblast growth factor receptor system in angiogenesis. Cytokine and Growth
Factor Reviews 16:159–178 DOI 10.1016/j.cytogfr.2005.01.004.

Li et al. (2019), PeerJ, DOI 10.7717/peerj.8182 18/20

https://peerj.com
https://espace.library.uq.edu.au/view/UQ:335976
http://dx.doi.org/10.1002/ijc.1379
http://dx.doi.org/10.1007/s00726-010-0689
http://dx.doi.org/10.1016/s0960-9822(98)70205-2
http://dx.doi.org/10.2478/ams-2013-0017
http://dx.doi.org/10.1097/ICO.0b013e31823f8b40
http://dx.doi.org/10.2147/CMAR.S174712
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.5603/18691
http://dx.doi.org/10.1073/pnas.94.15.8104
http://dx.doi.org/10.1007/s00268-006-0373-1
http://dx.doi.org/10.1002/(sici)1097-0142(20000515)88:10<2201::aid-cncr2>3.0.co;2
http://dx.doi.org/10.1016/j.cytogfr.2005.01.004
http://dx.doi.org/10.7717/peerj.8182


Rafii S, Lyden D, Benezra R, Hattori K, Heissig B. 2002. Vascular and haematopoietic
stem cells: novel targets for anti-angiogenesis therapy? Nature Reviews Cancer
2:826–835 DOI 10.1038/nrc925.

Samantaray S, Sharma R, Chattopadhyaya TK, Gupta SD, Ralhan R. 2004. Increased ex-
pression of MMP-2 and MMP-9 in esophageal squamous cell carcinoma. Journal of
Cancer Research and Clinical Oncology 130:37–44 DOI 10.1007/s00432-003-0500-4.

Schiefer AI, Schoppmann SF, Birner P. 2016. Lymphovascular invasion of tumor cells
in lymph node metastases has a negative impact on survival in esophageal cancer.
Surgery 160:331–340 DOI 10.1016/j.surg.2016.02.034.

Shojaei F. 2012. Anti-angiogenesis therapy in cancer: current challenges and future
perspectives. Cancer Letters 320:130–137 DOI 10.1016/j.canlet.2012.03.008.

SkobeM, Hawighorst T, Jackson DG, Prevo R, Janes L, Velasco P, Riccardi L, Alitalo
K, Claffey K, DetmarM. 2001. Induction of tumor lymphangiogenesis by VEGF-C
promotes breast cancer metastasis. Nature Medicine 7:192–198
DOI 10.1038/84643.

Takizawa H, Kondo K, Fujino H, Kenzaki K, Miyoshi T, Sakiyama S, Tangoku A.
2006. The balance of VEGF-C and VEGFR-3 mRNA is a predictor of lymph
node metastasis in non-small cell lung cancer. British Journal of Cancer 95:75–79
DOI 10.1038/sj.bjc.6603209.

Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. 2017. GEPIA: a web server for cancer and
normal gene expression profiling and interactive analyses. Nucleic Acids Research
45:W98–W102 DOI 10.1093/nar/gkx247.

Wang LD, Zhou FY, Li XM, Sun LD, Song X, Jin Y, Li JM, Kong GQ, Qi H, Cui J, Zhang
LQ, Yang JZ, Li JL, Li XC, Ren JL, Liu ZC, GaoWJ, Yuan L,WeiW, Zhang YR,
WangWP, Sheyhidin I, Li F, Chen BP, Ren SW, Liu B, Li D, Ku JW, Fan ZM, Zhou
SL, Guo ZG, Zhao XK, Liu N, Ai YH, Shen FF, CuiWY, Song S, Guo T, Huang J,
Yuan C, Huang J, Wu Y, YueWB, Feng CW, Li HL,Wang Y, Tian JY, Lu Y, Yuan
Y, ZhuWL, LiuM, FuWJ, Yang X,Wang HJ, Han SL, Chen J, HanM,Wang HY,
Zhang P, Li XM, Dong JC, Xing GL,Wang R, GuoM, Chang ZW, Liu HL, Guo
L, Yuan ZQ, Liu H, Lu Q, Yang LQ, Zhu FG, Yang XF, Feng XS,Wang Z, Li Y,
Gao SG, Qige Q, Bai LT, YangWJ, Lei GY, Shen ZY, Chen LQ, Li EM, Xu LY,Wu
ZY, CaoWK,Wang JP, Bao ZQ, Chen JL, Ding GC, Zhuang X, Zhou YF, Zheng
HF, Zhang Z, Zuo XB, Dong ZM, Fan DM, He X,Wang J, Zhou Q, Zhang QX,
Jiao XY, Lian SY, Ji AF, Lu XM,Wang JS, Chang FB, Lu CD, Chen ZG, Miao JJ,
Fan ZL, Lin RB, Liu TJ, Wei JC, Kong QP, Lan Y, Fan YJ, Gao FS,Wang TY, Xie
D, Chen SQ, YangWC, Hong JY,Wang L, Qiu SL, Cai ZM, Z XJ. 2010. Genome-
wide association study of esophageal squamous cell carcinoma in Chinese subjects
identifies susceptibility loci at PLCE1 and C20orf54. Nature Genetics 42:959–763
DOI 10.1038/ng.648.

Weidner N, Semple J, WelchW, Folkman J. 1991. Tumor angiogenesis and metastasis—
correlation in invasive breast carcinoma. New England Journal of Medicine 324:1–8
DOI 10.1056/NEJM199101033240101.

Li et al. (2019), PeerJ, DOI 10.7717/peerj.8182 19/20

https://peerj.com
http://dx.doi.org/10.1038/nrc925
http://dx.doi.org/10.1007/s00432-003-0500-4
http://dx.doi.org/10.1016/j.surg.2016.02.034
http://dx.doi.org/10.1016/j.canlet.2012.03.008
http://dx.doi.org/10.1038/84643
http://dx.doi.org/10.1038/sj.bjc.6603209
http://dx.doi.org/10.1093/nar/gkx247
http://dx.doi.org/10.1038/ng.648
http://dx.doi.org/10.1056/NEJM199101033240101
http://dx.doi.org/10.7717/peerj.8182


Zhao T, XiaWH, ZhengMQ, Lu CQ, Han X, Sun YJ. 2008. Surgical excision promotes
tumor growth and metastasis by promoting expression of MMP-9 and VEGF in a
breast cancer model. Experimental Oncology 30:60–64.

Zheng S, Vuitton L, Vuitton DA, Zhang Y, Lu X. 2010. Northwestern China: a place
to learn more on oesophageal cancer. Part one: behavioural and environmental
risk factors. European Journal of Gastroenterology & Hepatology 22:917–925
DOI 10.1097/MEG.0b013e3283313d8b.

Li et al. (2019), PeerJ, DOI 10.7717/peerj.8182 20/20

https://peerj.com
http://dx.doi.org/10.1097/MEG.0b013e3283313d8b
http://dx.doi.org/10.7717/peerj.8182

